obtained. The highest lod score was found at 011529 (lod = 1.63 at () = 0.1), which is in the general region of the reported translocation breakpoints. However, this lod is not statistically significant, and its meaning is further mitigated by strongly negative lods in two nearby flanking markers. Linkage to the 02 dopamine receptor locus was strongly excluded (lod = -4.02 at () = 0.0).
In two-point analyses, linkage to bipolar disorder could be excluded to eight of the 13 markers. Multipoint analyses, similarly, failed to reveal any evidence of linkage.
fNeuropsychopharmacology 9:293-301, 1993J chromosome 11p15 in a large Old Order Amish pedi gree (Egeland et al. 1987) . However, numerous subse quent studies in a variety of other populations were un able to replicate this finding (Hodgkinson et al. 1987; Gill et al. 1988; Detera-Wadleigh et al. 1987; Mitchell et al. 1991; Mendlewicz et al. 1991; Nanko et al. 1991; Byerley et al. 1992) . Furthermore, subsequent studies in an expanded and updated version of the original Am ish pedigree (Kelsoe et al. 1989; Law et al. 1992) , as well as a second lateral extension to the pedigree (Pauls et al. 1991 ) also failed to replicate this finding. Despite this frustrating experience with 11p15 markers, the re mainder of chromosome 11 contains a number of in teresting candidate genes and candidate regions for bipolar disorder.
The D2 dopamine receptor gene (DRD2), on the long arm of chromosome 11, is of particular interest be cause of the antimania effects of neuroleptic medica tion, the manialike effects of amphetamine, as well as reports of changes in cerebrospinal fluid metabolites of dopamine in manic patients (Jimerson 1987) . Near DRD2 on 11q is the gene for porphobilinogen deaminase, which has been implicated in both association and linkage studies of schizophrenia and schizo affective disorder (Sanders et al. 1991; Su et al. 1991; Owen et al. 1991) .
The 11q region is also interesting because of three re ports of families in which bipolar disorder or schizo phrenia appears to be linked to a chromosomal translo cation with breakpoints in this region (Smith et al. 1989; St. Oair et al. 1990; Holland and Gosden 1990) . Although two of the families are affected primarily with schizo phrenia rather than bipolar disorder, and the break points appear to be at different sites (11q22.3, 11q21, and 11q25); this is nevertheless an intriguing clue.
In addition to these genes and regions, there are a number of other candidate genes that have been mapped to chromosome 11. These include the D4 dopamine receptor (Gelernter et al. 1991) , tyrosine hydroxylase (Craig et al. 1986 ), tryptophan hydroxy lase (Craig et al. 1991) , the Ml muscarinic receptor (Bon ner et al. 1991 ) and the M4 muscarinic receptor (Grewel et al. 1992) . We are currently surveying the genome sys tematically and examining candidate genes in search of loci linked to bipolar disorder in affected families.
As part of this survey, we present data from 13 mark ers on chromosome 11.
METHODS

Subjects
Families from two separate population isolates were used for this study. These include three large families from Iceland and Old Order Amish pedigree 110. been extensively studied by Helgason (1979) , and bipo lar disorder was found to have a similar lifetime preva lence (0.79%) as that in other populations.
Icelandic families were ascertained from admissions to the psychiatry service at the National University Hos pital. These three families were not systematically ascer tained, but rather selected through a review of hospi- NEUROPSYCHOPHARMACOLOGY 1993-VOL. 9, NO.4 tal admissions and records for their size, number of affected members, and availability. One of us (HK) has translated the Schedule for Affective Disorders and Schizophrenia (SADS-L) into Icelandic and conftrmed this translation by back translation into English. All subjects were interviewed by one interviewer (HK) using this instrument. In ad dition to the interview, information was obtained from other family informants for each patient. The interview data, information from other family informants, and available medical records were then used to make re search diagnostic criteria diagnoses.
Because of the centralized nature of Icelandic health care and the relative proximity of relatives to each other, medical records and family informants were available for almost all patients. Diagnoses were made on de ceased or unavailable members using medical records and family informants, but in all the linkage analyses described here, they were considered to have an un known diagnosis. The resulting pedigrees are presented here for the first time in Figure 1 . Blood samples were obtained for preparation of deoxyribonucleic acid (DNA) and lymphoblastoid cell lines.
Affective disorders in the Old Order Amish have been studied in detail by Egeland et al. (1987) , and the advantages of this population for genetic research pre viously reviewed . Am ish pedigree 110, as used in this study, includes 118 in blind to the subject's identity or genotypes . The structure and diagnostic data regard ing this pedigree has been published previously (Kel soe et al. 1989) . The pedigree used here is identical to that previously described and diagnoses unchanged, with the exception of two previously unaffected mem bers (GM5989 and GM6003), who have had subsequent onset of bipolar I disorder (NIGMS, 1992) .
Genotyping
Information and references regarding the probes and alleles for the 13 loci examined are summarized in Ta ble 1. Three probes were kindly provided by Dr. Ray White; they are p3C7, pHBI18P2, and pMCT128. (provided by O. Civelli; Grandy et al. 1989 ) into pBluescript to reduce background from repetitive se quences (Turner et al. 1991) .
Restriction fragment length polymorphisms were detected by Southern blotting and hybridization as de scribed previously (Kelsoe et al. 1989) . Briefly, DNA was prepared by phenol/chloroform extraction from lym phocytes or lymphoblastoid cell lines (Sambrook et al. 1989 ). Five to 10 Ilg of genomic DNA was digested over night with the appropriate restriction enzyme accord ing to the manufacturer's instructions. The resulting fragments were separated by agarose gel electropho resis (0.8%) and transferred to nylon membranes by vacuum. Probes were radiolabeled by random primer reaction (Feinberg and Vogelstein 1983) , and hybridi zations were performed in Hybrisol (Oncor) at 45°e.
Membranes were washed three times in 0.1 x standard saline citrate, 0.1% sodium dodecyl sulfate for 15 minutes each at room temperature, and once for 1 hour at 52°e. For probes containing repetitive sequences, hu man total genomic DNA was included in the hybrid ization mix or preassociated with the probe (Litt and White 1985) . The blots were then placed against Kodak XAR film using enhancing screens (Dupont Lightning Plus) at -80°C for 1 to 3 days. Two polymorphisms were detected by polymerase chain reaction (PCR)-based methods: MS51 (D11S97) and Mfd58 (D11S419). The MS51 is a highly informa tive VNTR polymorphism that was detected by PCR amplifIcation of the polymorphic region followed by Southern blotting and hybridization. Hybridization and extended PCR elongation times were required to de tect the alleles of higher molecular weight (1 to 4 kb).
This procedure was performed essentially as described by Jeffreys et al. (1988) 
Linkage Analysis
Linkage analyses were performed using the LINKAGE analysis package, V 5.1 (Lathrop et al. 1984) . Analyses for all families were conducted under a model of trans mission described previously for the Amish family (Kel soe et al. 1989 ) and supported by a segregation analy sis in that population (Egeland et al. 1987) . SpecifIcally, autosomal dominant transmission was modeled with age-dependent reduced penetrance. Penetrance of the disease allele was modeled by fIve liability classes as shown in Table 2 and ranged from 0.0001 at age 14 to a maximum of 0.85 at age 30. Penetrance of the non susceptible genotype increased from 0.0 to a maximum of 0.001 at age 30. The frequency of the disease allele was 0.021.
It is not clear that this is the appropriate model for
the Icelandic families. Ideally, a separate segregation analysis would be conducted in this population to de termine the best model. Unfortunately, because these families were not systematically ascertained and be cause of the small sample size, we felt that such an anal ysis would not be meaningful. Other studies of bipolar disorder have supported an autosomal dominant mode of transmission (Rice et al. 1987) . Therefore, we felt that it was reasonable to apply a similar model to the analy sis of the Icelandic families.
Marker allele frequencies were drawn from pub lished data for all markers except D11597 (M551). Pub lished allele frequencies could not be identifIed for this locus; furthermore, there were marked differences be tween allele frequencies in the Icelandic and Amish fam ilies. Although a detailed comparison of allele sizes be tween the two populations was not conducted, it was apparent that there were several alleles present in each of the two populations that were not present in the other. For this reason, allele frequencies for this locus were estimated from unrelated marry-in spouses, separately for each population, and analyses were con ducted separately.
Individuals with diagnoses of bipolar disorder
(bipolar I and bipolar II), schizo affective disorder or recurrent major depression were considered affected.
Those with a single episode of major depression or any other psychiatric diagnosis were considered unknown.
All individuals who were not interviewed directly were considered to have unknown diagnoses. Two-point analyses were conducted using the 
RESULTS
The results of the two-point analyses are summarized in Table 3 Lod scores for the other fIve loci were negative, but in conclusive.
Results of the multipoint analyses are displayed in of the 11p markers examined had only limited infor mativeness in these families, thereby restricting our abil ity to examine this region of the chromosome. The re gion of D11S29 that was positive in the two-point analysis can be excluded in the multipoint analyses. (1992) excluded linkage to DRD2 in two large Australian families, and Nothen et al. (1992) found no evidence for involvement of DRD2 in an association study. As described above, the 11p15 region has been extensively studied, because of the previous report of linkage to the markers HRAS and INS in the Amish (Egeland et al. 1987) . The data for HRAS in the Amish, presented in this study, represent the HRAS genotypes presented previously (Kelsoe et al. 1989 ), but they have been for HRAS and contributed to the overall exclusion in the expanded pedigree (Kelsoe et al. 1989 ). The DRD2 locus yielded a negative lod of only -0.89 at e = 0 in their data, whereas it is clearly excluded in our data with a lod of -3.95 at e = O. In their study, D11S29 yielded a maximum lod of 1.58 at e = 0, which is similar to the maximum lod of 1.63 that we obtained at e = 0.1.
These results must be qua1i&ed by their dependence on the assumed mode of transmission. Because of this, it is diffi cult in linkage studies to "exclude" a region with any degree of certainty. The model of transmission em ployed is derived from a segregation analysis of Amish families. As described above, we did not believe that it was possible to conduct a similar segregation analy sis in the Icelandic families, and, therefore, we used the model from the Amish. Although we believe that this is a reasonable assumption, it is nevertheless a limi tation of this study. Another assumption in these anal yses is that of genetic homogeneity. It is likely that bipo lar disorder is heterogeneous, and, therefore, it is possible that there is more than one gene for bipolar disorder in these families. In fact, some historical data suggest the possibility of more than one gene for bipo lar disorder in the Amish pedigree (Kelsoe et al. 1989) .
It is difficult to analyze these data under an assump tion of heterogeneity because of the small number of families and the computational demands of conduct ing a two-locus analysis in a pedigree as large as the Amish. Nevertheless, simulation studies have indicated that under many conditions, two-point analyses are rel atively robust to both misspecmcation of the mode of transmission and heterogeneity (Cox et al. 1988; Vie land et al. 1992) , although the effect of errors in both of these factors is less clear. Multipoint analyses may not be so robust, and, therefore, those results should be more cautiously considered (Risch and Giuffra 1990) .
We are continuing to survey the genome in these fami lies both by systematic mapping and testing of specifIc candidate genes in search of a locus for bipolar disorder.
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